Abstract: This paper deals with the electric field characteristics in the inter-phases region of three-phase gas insulated switchgear (GIS). The electric field in a three-phase construction of a simplified GIS model was analyzed. The results show that in the interphases region the direction and the magnitude of electric field vector varies with the location of the observation point while in the phase-enclosure region the direction of the electric field vector tends to linear and constant. There is no zero electric field on the particle tip of a particle in the inter-phases region, except S90 particle. There is zero electric field on the particle tip of a particle in the phase-enclosure region every half cycle of applied voltage. The maximum electric field of the particles on the inter-phases region generally is higher than one of the particles on the phase-enclosure region. The electric field vector locus in the inter-phases region varies: linear, elliptic, or circular while one in phase-enclosure region is constant and linear.
Introduction
Discharge and breakdown phenomena in the insulation material under single-phase voltage are well-known and well established art. However, those in the insulation material under threephase voltage are far less understood [1] [2] [3] [4] [5] [6] [7] . In the other hand the application of three-phase power apparatus in the electric power system has been increasing. The design of three-phase in one tank such as three-phase power cable and three-phase gas insulated switchgear has been applied in the electric power system [8] [9] .
Three-phase in one tank power apparatus differs with single-phase one mainly in the configuration and the applied voltage. The differences result in the differences in the electric field between single-phase and three-phase equipment. Discharge is initiated by increase of the electric field in the part of insulation. Therefore, knowledge in the three-phase electric field characteristic is useful for understanding discharge process in three-phase power apparatus.
The characteristics of the electric field in three-phase equipment have been reported recently [10] [11] [12] [13] [14] [15] . The rotating electric field and the elliptical nature of the electric field vector locus are the examples of special characteristics under three-phase voltage. The special characteristics mainly occur in the inter-phases region. Therefore this paper discusses the electric field characteristics in the inter-phases region of three-phase power apparatus and the comparison with the electric field in the phase-tank or phase-enclosure region.
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C. The Pattern of Electric Field on the Particle Tip
Figure 5-8 shows the pattern of the electric field on the particle tip of a particle set at various positions on R, S, T, phase conductors or on the enclosure, respectively, during a cycle of S applied voltage. R0, R315, S45, S90, S135, T180, T225 are the particles in the interphases region or the particles on the conductor facing to the other conductors. R180, S270, T0, E0, E90, E180, and E270 are the particles in the phase-enclosure region or on the conductor facing to the tank.
The electric field intensity on each point inside the insulation varies with the phase of the applied voltage. The pattern variation is sinusoidal alike the applied voltage. The electric field achieves the minimum and the maximum values every a half cycle of applied voltage. The pattern of the electric field intensity is repetitive every a half cycle of applied voltage. Figure 5 . Periodic change of the electric field on the particle tip of a particle at R phase conductor (R0,R315 are the particles in the inter-phases region;
R180 is a particle in phase-enclosure region) Figure 6 . Periodic change of the electric field on the particle tip of a particle at S phase conductor (S45, S90, and S135: particles in the inter-phases region; S270 is a particle in phase-enclosure region) The characteristics of electric field on the tip of the particle on the R, S, and T conductors are similar in the pattern and the magnitude of the electric field. There are differences in the electric field pattern and magnitude between a particle on the conductor and a particle on the tank. The electric field on the tip of a particle on the tank is lower than one on the tip of a particle on the conductor. The pattern of electric field on the tip of a particle on the tank always has zero electric field. The pattern of electric field on the tip of a particle on the conductor generally has no zero electric field. Figure 7 . Periodic change of the electric field on the particle tip of a particle at T phase conductor (T180, T225 are the particles in the inter-phases region; T0 is a particle in phase-enclosure region) Figure 8 . Periodic change of the electric field on the particle tip of a particle at the enclosure For a particle in the interphases region, there is no zero electric field except S90 particle. For a particle in the phase-enclosure region, there is zero electric field every half cycle of applied voltage.
The maximum electric field of the particles on the inter-phases region is higher than one of the particle on the phase-enclosure region.
The intensity of the minimum and the maximum electric field depend on the particle position. It is considered to be caused by the dependence of the gap distance and the electrode configuration of the three-phase gas insulated switchgear on the particle position. Figure 9 summarizes the intensity of the minimum and the maximum electric field for a particle in the interphase and phase-enclosure regions. PHASE -PHASE PHASE -ENCLOSURE Figure 10 summarizes the phase angle of applied voltage at maximum electric field for a particle in the interphase and phase-enclosure regions. The phase angle of applied voltage at maximum electric field depends on the particle position for a particle in the interphase and phase-enclosure regions. Figure 9 . Maximum and minimum electric field on the particle tip at 1 kV applied voltage for particle in the inter-phase region and in the phase-enclosure region Figure 10 . Phase angle of S applied voltage at maximum electric field for a particle in the interphase region and in the phase-enclosure region
In general, the maximum electric field on the tip of a particle set on one phase conductor occurs on the peak of applied voltage at the related phase. The effects of the other phases take place when the particle faces to another conductor, resulting in the shifting of the phase of maximum electric field from the peak of applied voltage.
D. The Electric Field Vector in the Interphases Region of Three-phase GIS
It is reported in the previous paper that the electric field in three-phase GIS rotates and changes continuously. The electric field vector locus may elliptic, linear, or circular. The elliptical nature of rotating electric field is expressed as electric field ratio (η). It is defined as the ratio of the minimum of electric field to the maximum electric field [10] [11] [12] . Figure 11 shows the elliptical nature of rotating electric field in the inter-phases region of three-phase GIS. The observation points A to F are in the distance of 0 mm (A), 5 mm (B), 10 mm (C), 15 mm (D), 20mm (E), and 25 mm (F) away from S conductor. The electric field ratio changes from η=0 (the electric field vector locus is linear) on the surface of S conductor to η=0.2, η=0.4, η=0.7 D (the electric field vector locus is elliptic) at points B, C, and D), and to η=1 (the electric vector locus is circular) at point E. These results differ with the results in phase-enclosure region. In phase-enclosure region the electric field vector locus always linear [10] . Figure 11 . The electric field vector locus in the inter-phases region of three-phase GIS
Conclusions
This paper deals with electric field characteristics in the inter-phases region of three-phase gas insulated switchgear (GIS). The electric field in a three-phase construction of a simplified GIS model was analyzed. The following conclusions are drawn. In the inter-phases region the direction and the magnitude of electric field vector varies with the location of the observation point while in the phase enclosure region the direction of the electric field vector tends to linear and constant. There is no zero electric field on the particle tip of a particle in the inter-phases region, except S90 particle. There is zero electric field on the particle tip of a particle in the phase-enclosure region every half cycle of applied voltage. In general the maximum electric field of the particles on the inter-phases region is higher than one of the particle on the phase-enclosure region. The electric field vector locus in the inter-phases region varies: linear, elliptic, or circular while one in phase-enclosure region is constant and linear. Analysis of Distribution, Pattern, and Vector of Electric Field in the Inter
